Summary. Reproductively mature male musk shrews and mice were bilaterally castrated. Epididymal sperm numbers and motility were assessed 0, 2, 4 and 6 weeks after surgery. Seminal vesicle weights and plasma concentrations of total androgens were also measured. In male musk shrews, 30% of the original epididymal sperm numbers were still present 2 weeks after castration and motile spermatozoa were present in 2 of 7 individuals. By 4 and 6 weeks after castration the numbers of spermatozoa remaining declined to about 10% and no sperm motility was noted. Seminal vesicle weights were maintained at about 30% of their original size even up to 6 weeks after castration. In male mice, epididymal sperm numbers, seminal vesicle weights, and androgen levels declined more dramatically after castration. Although androgen concentrations in gonadally intact male musk shrews were \m=~\50%of the values in male mice, after castration the concentrations in musk shrews were \m=~\2-fold higher than in mice at all times. The results suggest that post-castration retention of epididymal sperm and seminal vesicle weights in the male musk shrew as compared with male mice, is facilitated either by a relatively greater adrenal contribution to circulating androgen levels and/or greater target tissue sensitivity.
Introduction
Epididymal sperm storage and maturation are dependent on the presence of sufficient concen¬ trations of testicular androgens in most mammalian species (Orgebin-Crist et al., 1975; Bedford, 1979; Brooks, 1981 ). An evolutionary perspective on the question of the role of the epididymis in sperm maturation and storage has been provided by Bedford (1979) . After an examination of a selected group of non-therian vertebrates, several marsupials and 4 eutherian mammals with ascrotal testes, Bedford (1979) concluded that sperm storage in the ascrotal musk shrew (Suncus murinus) might be uniquely androgen-independent. This claim was based on an unpublished finding that epididymal spermatozoa persisted and demonstrated motility for up to 21 days after castration. The following study was conducted to test the intriguing possibility of androgen-independent sperm storage in this mammalian species.
Materials and Methods
Animals. The musk shrews used in this study were born and raised in our colony. The 
Results
Sperm numbers, seminal vesicle weights and plasma androgen concentrations declined after castration of animals of both species (see Table 1 ). However, the relative decline in sperm number and seminal vesicle weights was not as dramatic in the musk shrew as in the mouse.
Motile spermatozoa were present in all of the gonadally intact musk shrews, but only 29% of the males (2 out of 7) retained motile spermatozoa 2 weeks after castration. By 4 or 6 weeks after castration none of the musk shrews had any motile spermatozoa. Sperm numbers and seminal vesicle weights also declined after castration (F(3,27) = 56-6 and 44-2 respectively, < 000001). At 2 weeks after castration sperm numbers were reduced to 41 IO5 (31% of the original sperm counts) in one epididymis. Sperm numbers continued to drop rapidly thereafter (Table 1) . On average, musk shrew seminal vesicles weighed 29-2 mg at 2 weeks after castration. This weight represented only 38% of that of control gonadally intact animals. Likewise, plasma androgen concentrations dropped from an average of 204ng/ml before castration to about 100pg/ml after castration (at all 3 sampling times). This represented a decline to approximately 4-9% of the original androgen concentrations after castration.
In male mice motile spermatozoa were nearly absent from the epididymis after castration. Sperm numbers declined sharply in gonadally intact males at 2 weeks after castration (t(\ 1) = 10-3, < 000001, Table 1 ). This represented a reduction to 1% of the original number of epididymal spermatozoa. The reduction was more dramatic in male mice than in musk shrews both because the real numbers of spermatozoa were lower in castrated mice and original sperm counts in gonadally intact mice were higher than those calculated for the musk shrew. Seminal vesicle weights also declined rapidly after castration in mice (F(3,27) = 60-9, < 0000001, Table 1 ), and decline was more pronounced than in musk shrew. Plasma androgen concentrations also fell in mice after castration (Table 1) . 
Discussion
The results clearly demonstrate that epididymal spermatozoa can persist for several weeks after castration in the male musk shrew. However, it is not at all clear whether this sperm storage is androgen-independent as claimed previously by Bedford (1979) . Relative to male mice, normal pre¬ castra tion concentrations of plasma androgens are low in the musk shrew, and yet, after castration, musk shrews have 2-fold higher plasma concentrations of androgen than do mice. Presumably this androgen is of adrenal origin. Thus, the net decrease in androgen concentrations caused by cast¬ ration is less in the musk shrew than it is in the mouse. An alternative explanation to the 'androgenindependent' hypothesis is that some subset of the original spermatozoa can be maintained after castration by adrenal androgens in this species. The fact that an anti-androgen, flutamide, caused immobility and fragmentation of epididymal spermatozoa in a closely related sub-species of musk shrew (Singh, 1984) provides indirect evidence of the role of androgens in sperm storage in this animal. It is also possible that androgen sensitive target tissues such as the epididymis and seminal vesicles are more sensitive to steroids in musk shrews than they are in mice.
It has yet to be determined whether the stored spermatozoa present after castration are func¬ tional. Bedford's (1979) (Gustafson, 1979) . In some species of hibernating male bats, spermatogenesis occurs in the summer and mating takes place several months later, when plasma androgen concentrations have declined. Male bats therefore exhibit maximal copulatory behaviour at a time of year when blood androgen values are not at their peak (Gustafson & Shemesh, 1976; Crews, 1984) . In many species of bats in which male sperm storage is found, female sperm storage is also present. After insemination, sperm storage can occur in the female reproductive tract for several months before ovulation (Oxberry, 1979; van der Merwe & Rautenbach, 1987) .
Reproductively mature male musk shrews with testicular spermatozoa are found at all times of the year in the wild (Harrison, 1955; Louch et al., 1966) . However, no information is available on seasonal variations in androgen concentrations. In the laboratory, male musk shrews do not display copulatory behaviour after castration (Rissman, 1987) , and yet spermatogenesis can occur in food-restricted pubertal animals with reduced reproductive organ weights and lowered plasma androgen concentrations as well as in adult males housed under short-day regimens  . Wayne & E. Rissman, unpublished observations). Therefore, unlike the situation in the male bat, copulatory behaviour in the male musk shrew appears to require high levels of androgen and yet spermatogenesis can occur in the face of relatively low concentrations of circulating androgens. Exactly which aspects of male musk shrew reproductive physiology are androgenindependent and which are androgen-dependent have yet to be precisely determined. However, musk shrews could prove to be useful animals for investigation of unique hormone-gamete-behaviour relationships.
